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LETTER TO THE EDITOR
ComparisonofForcesMeasuredBetweenPhosphatidylcholineBilayers
DearSir:
We writetocorrectanunintendedmisrepresentationin wo
recentpapers(1,2)thatcomparedresultsbetweenbilayermem-
branesimmobilizedontocurvedmicasheetswithearlierforce
measurements(3-5)betweenbilayersinspontaneouslyforming
planarmultilayerarrays.Tocompareresultsobtainedinthetwo
differentgeometries,usewasmadeoftheDerjaguinapproxima-
tion(6,7)whichstatesthattheforceb tweencurvedsurfacesis
proportionaltotheinteractionenergybetweenquivalentplanar
surfaces.Thusitwasnecessarytointegratethforcem asured
betweenplanarbilayersortodifferentiatehatbetweencurved
surfacestocompareresults.Itwasinnotintegrating helong-
range"tail"ofthevanderWaalsforceb tweenplanarbilayers
thatHorn(1)andMarrandIsraelachvili(2)misrepresentedthe
comparison.Asaconsequence,th reappearedtobeagreater
differencethanactuallyexistsbetweenthetwokindsofdata.
Toshowtheactualgoodagreement,wehavedifferentiatedthe
forceurvesofreference2forthefrozenchainphosphatidylcho-
lines(PCs)(distearoylPC[DSPC],dipalmitoylPC[DPPC],and
dimyristoylPC[DMPC])andforthemeltedchainPCs(DMPC
anddilauroylPC[DLPC])andplottedtheminFig.1,aandb,as
aforcep rmoleculeFRwiththedatafromreference5forDLPC
andDPPC.(Aldatafromreferences2and3fallwithinthe
shadedbands.)Thelattert ansformationavoidsinvokingexplic-
itlythelong-rangevanderWaalsforce.Multilayerdataforother
PCsshowsimilargoodagreement,asdoesanintegrationofthe
smootheddatafromthatplanarsystem.Inallcases,thereisan
especialy pleasingsimilarityofslopesforFR > 108dyn/
molecule.This istheregionof"hydrationforces"knownto
dominatetheinteractionofthesebilayersapproachingcontact.
Theredoremainsomeinstructivedfferences,though,espe-
cialyforT > T,.Therearerealdifferencesbetweenthetwo
methodsofmeasurementtoaccountforthesedetails.One
consideration sthedifferencei thedefintionofzeroseparation,
necessarilydifferentinthetwosystems.If,however,oneshiftsthe
limitingseparation(shadedarrow)reportedforT < Tcinthe
coatedmicasystemtocoincidewiththelimitingspacing(solid
arrow)apparenti multilayers,thecurvescoincidenicelyalsoat
theupperend.
Anotherimportantconsideration,atT> Tc,isthecontribution
ofrepulsiveforcesduetoundulations(8-10)whichcanpresum-
ablyoccurwithfreemeltedbilayersbutnotthoseadsorbedona
solidsurface.Onecanextracttheelasticforcebysubtracting
thesefluctuations(cf.Fig.2inreference10)toobtainthedashed
lineinFig.1bhere.Then,superposingthelimitingseparations
(shadedandsolidarrows)againshowsmuchbetteragreement
betweenthecoated-mica-surfacedatandthearlierrepulsive
forcem asurementsi multilayers.
In maybenotedthathedepthoftheenergyminimum
obtainedfromthemica-immobilzedlipidmeasurements(2)is
almostanorderofmagnitudehigherthanthoseinferredfromthe
multilayermeasurements(12)andobtainedbetweensingle
bilayervesiclesfromwhichundulationshavebeenlimitedby
appliedlateraltension(e.g.,reference13).Recentobservations
(14)ontheincreaseoflecithinbilayeradhesionwithincreased
lateraltensionstrongly suggestthatweakerbilayer-bilayer
energyminimacanatleastpartlybeascribedtotheactionof
undulations,butmostofthedifferencei thedepthoftheminima
givenbythetwomethodsi tillnotunderstood.
Receivedforpublication22February1988andinfinalform3August
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